Comparing plasma concentrations of persistent organic pollutants and metals in primiparous women from northern and southern Canada  by Curren, Meredith S. et al.
Science of the Total Environment 479–480 (2014) 306–318
Contents lists available at ScienceDirect
Science of the Total Environment
j ourna l homepage: www.e lsev ie r .com/ locate /sc i totenvComparing plasma concentrations of persistent organic pollutants and
metals in primiparous women from northern and southern CanadaMeredith S. Curren a,⁎, Karelyn Davis b, Chun Lei Liang b, Bryan Adlard a, Warren G. Foster c,
Shawn G. Donaldson a, Kami Kandola d, Janet Brewster e, Mary Potyrala e, Jay Van Oostdam f
a Chemicals Surveillance Bureau, Healthy Environments and Consumer Safety Branch, Health Canada, 269 Laurier Avenue West, Ottawa, Ontario K1A 0K9, Canada
b Environmental Health Science and Research Bureau, Healthy Environments and Consumer Safety Branch, Health Canada, 50 Columbine Driveway, Tunney's Pasture, Ottawa, Ontario K1A 0K9,
Canada
c Department of Obstetrics & Gynecology, McMaster University, 1200 Main Street West, Hamilton, Ontario L8N 3Z5, Canada
d Government of the Northwest Territories, Yellowknife, Northwest Territories, Canada
e Government of Nunavut, Iqaluit, Nunavut, Canada
f Consultant, Ottawa, Ontario, Canada
H I G H L I G H T S
• Blood samples from women in northern and southern Canada contain similar chemicals.
• Arctic Inuit mothers from a regional study show elevated levels of POPs, Hg, and Pb.
• A national survey suggests immigrant women have elevated chemical exposures.
• Non-representative regional studies can underscore chemical exposures in people.⁎ Corresponding author. Tel.: +1 613 941 3570; fax: +
E-mail addresses:meredith.curren@hc-sc.gc.ca (M.S. C
fosterw@mcmaster.ca (W.G. Foster), shawn.donaldson@h
(M. Potyrala), jvanoostdam@yahoo.com (J. Van Oostdam)
http://dx.doi.org/10.1016/j.scitotenv.2014.01.017
0048-9697 © 2014 The Authors. Published by Elsevier B.Va b s t r a c ta r t i c l e i n f oArticle history:
Received 2 April 2013
Received in revised form 6 January 2014
Accepted 6 January 2014
Available online 25 February 2014
Keywords:
Arctic
Inuit
Biomonitoring
Persistent organic pollutants
Primiparous
PregnancyThe exposure of Aboriginal peoples in the Canadian Arctic to persistent organic pollutants (POPs) and metals
through the consumption of traditional food items is well recognized; however, less information is available
for Canadian immigrants. The direct comparison of blood chemical concentrations for expectant primiparous
women sampled in the Inuvik and Bafﬁn regions of the Canadian Arctic, as well as Canadian- and foreign-born
women from ﬁve southern Canadian centers (Halifax, Vancouver, Hamilton, Ottawa, and Calgary), provides
relative exposure information for samples of northern and southern mothers in Canada. Based on our analyses,
Canadian mothers are exposed to a similar suite of contaminants; however, Inuit ﬁrst birth mothers residing in
the Canadian Arctic had higher age-adjusted geometric mean concentrations for several legacy POPs regulated
under the Stockholm Convention, along with lead and total mercury. Signiﬁcant differences in exposure were
observed for Inuit mothers from Bafﬁn who tended to demonstrate higher blood concentrations of POPs and
total mercury compared with Inuit mothers from Inuvik. Conversely, northern mothers showed a signiﬁcantly
lower age-adjusted geometric mean concentration for a polybrominated diphenyl ether (PBDE-153) compared
to southern mothers. Furthermore, southern Canadian mothers born outside of Canada showed the highest
individual concentrations measured in the study: 1700 μg/kg lipids for p,p′-dichlorodiphenyldichloroethylene
(p,p′-DDE) and 990 μg/kg lipids for β-hexachlorocyclohexane (β-HCH). Data from Cycle 1 (2007–2009) of the
nationally-representative Canadian Health Measures Survey (CHMS) places these results in a national biomon-
itoring context and afﬁrms that foreign-born women of child-bearing age experience higher exposures to
many POPs and metals than their Canadian-born counterparts in the general population.
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Dietary exposures to persistent organic pollutants (POPs) andmetals
have been well-documented for Aboriginal peoples in the Canadian
Arctic in the past two decades (Donaldson et al., 2010; Van Oostdam
et al., 2005). The presence of polychlorinated biphenyls (PCBs) and
chlorinated pesticides in northern Canada is mainly attributed to long-
range transportation of industrial emissions, while a recent comprehen-
sive review suggests approximately two-thirds of atmospheric mercury
deposited in the Arctic marine ecosystem is natural and re-emitted
mercury, with the remainder derived from new anthropogenic sources
(Kirk et al., 2012). The high lipid solubility and inherent chemical stability
of POPs cause them to bioaccumulate in the fatty tissues of long-lived
lipid-rich marine mammals. Similarly, methylmercury, the most toxic
form of mercury produced during mercury methylation in Arctic marine
and fresh waters, biomagniﬁes in the northern food web and collects at
high concentrations in muscle tissue of predatory ﬁsh and other piscivo-
rous marine species (Kirk et al., 2012). Lead is not known for long range
transportation; however, the use of lead shot during hunting can elevate
exposures to lead for peoples who consume game meat (Dewailly et al.,
2000a; Donaldson et al., 2010; Lévesque et al., 2003). For these reasons,
the traditional northern diet becomes a principal source of exposure to
POPs and metals. Northern biomonitoring studies have found that Inuit
who reside in eastern Canadian Arctic coastal areas such as the Bafﬁn
Region of Nunavut tend to consume substantially more marine mammal
meat and fat (Kuhnlein et al., 2000; Potyrala et al., 2008) than western
Aboriginal groups (Armstrong et al., 2007; Kuhnlein et al., 2000). Conse-
quently, eastern Arctic Inuit have demonstrated higher concentrations of
POPs and mercury in their blood than western Arctic populations over
the same time periods (Butler Walker et al., 2003; Dewailly et al., 2007;
Donaldson et al., 2010; Muckle et al., 2001), although northern levels of
these chemicals have declined in the past two decades (Donaldson
et al., 2010).
Other patterns have emerged for polybrominated diphenyl ethers
(PBDEs) that serve as ﬂame retardants in a variety of commercial goods.
Formulationswith an average of ﬁve bromines (i.e., pentabromodiphenyl
ether, “Penta”) were used predominantly in North America, where
production ceased in the United States in 2004 and has been phased
out in Canada since 2006. Studies prior to and overlapping this time
period have shown comparable levels of PBDEs across ethnic groups
and regions in the Canadian Arctic, though in some cases non-
Aboriginal mothers have shown higher concentrations for some PBDEs
than Aboriginal mothers (Donaldson et al., 2010; Ryan and Van
Oostdam, 2004). These results suggest routes of exposure independent
from the traditional northern diet despite evidence that PBDEs
bioaccumulate in the Arctic marine foodweb (Tomy et al., 2009). Indeed,
the ingestion of indoor house dust has been reported as the primary route
of exposure to PBDEs for all life stages other than the infant (Frederiksen
et al., 2010; Johnson-Restrepo and Kannan, 2009; Jones-Otazo et al.,
2005; Lorber, 2008), while infants are thought to be exposed primarily
through the ingestion of mother's breast milk (Johnson-Restrepo and
Kannan, 2009; Jones-Otazo et al., 2005).
The potential negative health effects linked to POPs and metals are
numerous. For example, human exposure to POPs can result in repro-
ductive and neurological impairment, immune system suppression,Table 1
Age of primiparous women from southern Canada (CEC study), and the Inuvik Region of the N
Group N Mean SD Minimu
CEC study: Canadian-foreign-born 20 33.0 3.8 25.0
CEC study: Canadian-born 101 28.6 4.9 18.0
NCP study: Bafﬁn-Inuit 22 20.1 2.7 15.0
NCP study: Inuvik-Inuit 18 21.4 4.1 17.0
NCP study: Inuvik-Dene/Metis 6 18.5 2.4 16.0
NCP study: Inuvik-non-Aboriginal 4 30.3 NR1 NR1
1 Not reported: Data is suppressed to protect participant identities.cardiovascular effects, and metabolic disorders (Dewailly and Weihe,
2003; Gilman et al., 2009; Hansen et al., 1998; Lee et al., 2011; Ruzzin
et al., 2010). PBDEs are chemically similar to PCBs and consequently
observations of endocrine disruption, developmental effects, neurotox-
icity, and teratogenicity have beenmade during animal exposure studies
to PBDEs (Birnbaum and Staskal, 2004; Darnerud, 2003; Kiciński et al.,
2012). Further, methylmercury and lead are strong neurotoxins, which
place infants and children at an increased risk developmentally. These
chemicals have been linked to an array of adverse health outcomes in
the Canadian Arctic in recent years (Boucher et al., 2010, 2012a,
2012b; Dallaire et al., 2006; Dewailly et al., 2000b; Ethier et al., 2012;
Valera et al., 2012, 2013). Despite an increasing awareness of the health
implications of contaminants in food, dietary choice in the Arctic and
elsewhere in Canada remains a complex issue. In addition to providing
key nutrients, such as selenium, that can protect against adverse effects
of environmental exposures (Boucher et al., 2010; Turunen et al., 2013),
the collection and consumption of a traditional diet holds substantial
cultural, nutritional, and economic beneﬁts for Aboriginal communities
and other ethnic groups (Donaldson et al., 2010).
In Canada, exposure to chemicals can be determined from the
nationally representative Canadian Health Measures Survey (CHMS),
which started in 2007 (Haines and Murray, 2012; Health Canada,
2010, 2013). Population or regionally speciﬁc biomonitoring informa-
tion supplements the CHMS (for example, Arbuckle et al., 2013;
Donaldson et al., 2010; Foster et al., 2012; Tsuji et al., 2006; Van
Oostdam et al., 2005). While there has been extensive discussion
about relative exposures to environmental chemicals for different
Canadian populations with unique dietary or cultural habits (using
side-by-side observational or graphical comparisons) to our knowledge
a direct comparison between northern and southern residents has not
yet been performed and which includes factors that can impact body
burdens of bioaccumulative chemicals, such as age, ethnicity, or location
of birth. The aim of this study is to perform a rigorous comparison, with
statistical hypothesis testing, of blood concentrations for ﬁrst time
mothers sampled in the Inuvik and Bafﬁn regions of the Canadian Arctic
to both Canadian- and foreign-born women sampled in ﬁve southern
Canadian centers, and to then balance these ﬁndings against the recent
national biomonitoring survey. In doing so we provide recommenda-
tions for future human biomonitoring in Canada, along with insight
into differences in exposure across distinct geographical and culturally
diverse regions in order to inform policy decisions that protect the
health of the mother and developing child.
2. Material and methods
2.1. Study population
Expectant primiparous women from ﬁve southern Canadian centers
were recruited as study subjects between December 2005 and August
2007 as part of a trinational biomonitoring study conducted under the
Commission for Environmental Cooperation (CEC), with Canadian
participation led by Health Canada and McMaster University (CEC,
2011). One objectivewas to document exposures to environmental con-
taminants among expectant primiparouswomen in Canada andMexico,
and women of reproductive age in the United States. This analysisWT and the Bafﬁn Region of Nunavut (NCP study).
m 25th percentile Median 75th percentile Maximum
31.0 33.5 35.0 41.0
26.0 29.0 31.0 40.0
19.0 19.0 21.0 26.0
19.0 20.0 24.0 33.0
16.0 18.5 20.0 22.0
NR1 NR1 NR1 NR1
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centers represent the east coast (Halifax), the west coast (Vancouver),
eastern Canada (Hamilton and Ottawa), and western Canada (Calgary).
Women attending their ﬁrst prenatal visit were approached to partici-
pate in the study until the goal of 25 primiparous women at each
Canadian center was reached.
During a similar time period (2005–2007), the Northern Contami-
nants Program (NCP) of Aboriginal Affairs and Northern Development
Canada funded maternal biomonitoring studies in the Inuvik Region of
the Northwest Territories and the Bafﬁn Region of Nunavut. In these
cases, all mothers (including ﬁrst birth and multiparous births) who
volunteered were sampled due to small population sizes, while the
CEC study included only ﬁrst birth mothers. Since the NCP and the
CEC studies otherwise have a similar design (for example, recruitment
strategy, timing of sample collection, and analyticalmethods/laboratory
analysis), this analysis considers only the ﬁrst birth mothers sampled in
2005–2007 from Inuvik and Bafﬁn, along with all Canadian women
recruited for the CEC study, to allow a direct statistical comparison
between similar samples of primiparous women.
For both the CEC and NCP studies, signed informed consent was
obtained from each participant. The study protocols were reviewed
and approved by the research ethics boards of Health Canada and for
each of the participating centers and health authorities, as appropriate.
In each case study participants completed a questionnaire providing
information on variables such as age and place of birth or residence.2.2. Analytical methods
A total of 60 POPs were measured in the individual blood samples for
the CEC study, including both dioxin-like and nondioxin-like PCB conge-
ners, organochlorine pesticides, metabolites, or byproducts, and PBDEs
(CEC, 2011). A similar though less extensive group of POPs was analyzed
in the NCP studies (Armstrong et al., 2007; Potyrala et al., 2008). Only
POPs and metals that were measured in both studies and which were
quantiﬁed above the limit of detection are reported here. These include:
p,p′-dichlorodiphenyldichloroethylene (p,p′-DDE), p,p′-dichlorodiphe-
nyltrichloroethane (p,p′-DDT), β-hexachlorocyclohexane (β-HCH),
γ-hexachlorocyclohexane (γ-HCH), oxychlordane, trans-nonachlor, four
polybrominated diphenyl ether congeners (PBDEs-47, -99, -100, and
-153), ﬁve polychlorinated biphenyl congeners (PCBs-118, -138, -153,
-170, and -180), and four metals (cadmium, lead, selenium, and total
mercury). Blood was collected in the third trimester for the CEC study
before delivery. For the NCP studies, blood was collected late in the
third trimester or shortly (e.g., within one day) after giving birth. Sample
collection and analysis procedures were otherwise identical for both
studies. Blood was taken from the antecubital vein into purple-top,
EDTA-containing Vacutainer® tubes. Plasmawas obtained by centrifuga-
tion and was then decanted into pre-cleaned vials and stored frozen
before being shipped frozen for subsequent analysis at the Institut nation-
al de santé publique du Québec (INSPQ) in Québec City, Canada. All of the
POPs were identiﬁed and quantiﬁed via gas chromatography/mass
spectroscopy (GC–MS) with electronic impact ionization using an in-
house accreditedmethod,while concentrations ofmetalsweremeasured
in whole blood by either inductively coupled plasma mass spectrometry
(ICP-MS) or cold vapor atomic absorption (total mercury) (Butler
Walker et al., 2006). Prior to GC–MS, plasma samples were extracted on
a solid phase extraction (SPE) column, then puriﬁed on a Florisil column
and concentrated to a ﬁnal volume. Reported previously (Foster et al.,
2012), analyte concentrations were evaluated by considering the %
recovery of labeled internal standards. The INSPQ participates in two
interlaboratory comparison programs to verify the accuracy of results,
in addition to routine analysis of reference serum supplied by the US
National Institute of Science and Technology. Quality control data within
each analytical run were compared to the control limits to evaluate the
validity of analyses using Westgard rules (Westgard, 2002).Lipid levels were determined enzymatically for lipid adjustment of
POPs concentrations (Bernert et al., 2007). Lipid adjustments were
performed as described in CEC (2011). Individual lipid measurements
for the Inuvik participants were not available. However, the average
lipid value for the Inuvik region from an earlier NCP study was used
for Inuvik lipid adjustment in the present analysis to provide descriptive
data in lipid weight units, placing the measurements on the same scale
and partially addressing potential confounding effects such as changes
in maternal blood volume, body mass index, or dietary habits during
pregnancy (Longnecker et al., 1999).
2.3. Statistical analysis
Descriptive statistics for the CEC and NCP study populations are re-
ported by ethnicity using both wet weight and lipid weight units. CEC
participants were grouped as Canadian-born or Canadian-foreign-born,
while NCP Inuvik and Bafﬁn observations were divided into Bafﬁn-Inuit,
Inuvik-Inuit, Inuvik-Dene/Metis, and Inuvik-non-Aboriginal groups. The
analysis assumes all NCP mothers were born in Canada. Sample size,
percent of observations above the limit of detection (LOD), geometric
mean (GM), and the corresponding 95% conﬁdence interval (CI) were
evaluated for each chemical. The GM was reported in place of the arith-
meticmean becausemost of the chemicals were lognormally distributed,
as shown by the Anderson–Darling test for normality. Values below the
LOD were imputed with half the LOD for all statistical tests. Dene/Metis
and non-Aboriginal mothers from Inuvik were not included in subse-
quent analyses because of small sample sizes.
Chemicals with a minimum of 70% of the observations above the
LOD in each ethnic group were subsequently analyzed to formally test
for group differences, using concentration data expressed in wetweight
units only. An exception is the emerging contaminant PBDE-153, which
had a percent detection of 68% for Inuit participants from Bafﬁn. In
addition to ethnicity, since the levels of contaminants under study are
known to increase with mother's age, an analysis of covariance
(ANCOVA) model was used for analysis, with age as the continuous
covariate. We note that an ANCOVA framework is similar to multiple
linear regression when interaction terms are not signiﬁcant. If the
ANCOVA assumption of equal slopes between groups was not satisﬁed,
the data was re-parameterized and the interaction term between the
factor and the covariate was included in the model, where each group
was allowed its own slope parameter. Stepwise regression techniques
were used to compare full and reducedmodels on the basis of statistical
hypothesis tests. An overall F-test was performed and if overall group
differenceswere signiﬁcant then Scheffémultiple pairwise comparisons
were used to determine which groups differed in mean chemical levels
(Kutner et al., 2005). The assumptions of normality and equal variance
for ANCOVA were veriﬁed using the Anderson–Darling test for normal-
ity and Bartlett's test for homogeneity of variance between groups.
When these assumptions were not satisﬁed for the log-transformed
data, nonparametric statistics were used. In nonparametric statistics
the conﬁdence intervals were based on the original data; however,
hypothesis testing was based on the ranks of the data.
Statistical analysis of CEC and NCP chemical concentrations was
performed using the software packages SAS Enterprise Guide 4.2
(Statistical Analysis System) and R (R Core Development Team, 2011).
Statistical signiﬁcance was determined if the p-value was less than a
signiﬁcance level of 5% (i.e., α= 0.05). Pearson correlations were also
calculated between select contaminants based on log transformed data.
While the focus has been the aforementioned statistical hypothesis
tests between northern and southern groups, chemical concentrations
of certain sub-populations as measured in Cycle 1 (2007–2009) of the
CanadianHealthMeasures Survey are also presented in bothwetweight
and lipid weight units to provide a descriptive comparison. The CHMS
used a clustered stratiﬁed random sampling design (Statistics Canada,
2011). Since pregnant women were not oversampled, women of child-
bearing age (WCBA) were assessed according to different demographic
Table 2
Concentrations by ethnicity for several POPs and metals in plasma samples for ﬁrst birth mothers from southern Canada (CEC study), and the Inuvik Region of the NWT and the Bafﬁn
Region of Nunavut (NCP study) (ND = not detected; NA= not applicable).
Chemical Group N % N LOD Wet weight concentration (μg/L) Lipid weight concentration
(μg/kg lipids)
GM
(95% CI)
Range GM
(95% CI)
Range
p,p′-DDE Canadian-foreign-born 20 100 1.3
(0.80, 1.9)
0.19–15 160
(110–250)
33–1700
Canadian-born 103 100 0.42
(0.38, 0.46)
0.10–2.3 53
(48–58)
15–300
Bafﬁn-Inuit 22 100 1.1
(0.88, 1.4)
0.35–3.8 130
(110–170)
41–460
Inuvik-Inuit 18 100 0.65
(0.47, 0.90)
0.20–4.2 76
(55–110)
24–500
Inuvik-Dene/Metis 6 100 0.26
(0.11, 0.46)
0.11–1.2 27
(13–54)
13–140
Inuvik-non-Aboriginal 4 100 0.40
(0.21, 0.74)
0.21–0.95 47
(NR1–NR1)
NR1–NR1
p,p′-DDT Canadian-foreign-born 19 15.8 ND
(ND, ND)
ND–0.51 ND
(ND–ND)
ND–58
Canadian-born 103 0.97 ND
(ND, ND)
ND–0.060 ND
(ND–ND)
ND–7.7
Bafﬁn-Inuit 22 22.7 ND
(ND, ND)
ND–0.16 ND
(ND–ND)
ND–18
Inuvik-Inuit 18 11.1 ND
(ND, ND)
ND–0.096 ND
(ND–ND)
ND–11
Inuvik-Dene/Metis 6 0 ND
(ND, ND)
ND–ND ND
(ND–ND)
ND–ND
Inuvik-non-Aboriginal 4 0 ND
(ND, ND)
ND–ND ND
(ND–ND)
ND–ND
β-HCH Canadian-foreign-born 20 95.0 0.060
(0.029, 0.12)
ND–8.7 7.7
(3.8–16)
ND–990
Canadian-born 103 84.5 0.017
(0.015, 0.019)
ND–0.20 2.1
(1.9–2.4)
ND–26
Bafﬁn-Inuit 22 100 0.030
(0.024, 0.038)
0.014–0.094 3.7
(2.9–4.6)
1.3–13
Inuvik-Inuit 18 94.4 0.025
(0.019, 0.034)
ND–0.12 3.0
(2.2–4.0)
ND–14
Inuvik-Dene/Metis 6 33.3 ND
(ND, 0.010)
ND–0.016 ND
(ND–1.2⁎)
ND–1.9
Inuvik-non-Aboriginal 4 75.0 0.021
(ND, 0.078)
ND–0.13 2.4
(ND–NR1)
ND–NR1
γ-HCH Canadian-foreign-born 19 0 ND
(ND, ND)
ND–ND ND
(ND–ND)
ND–ND
Canadian-born 103 0 ND
(ND, ND)
ND–ND ND
(ND–ND)
ND–ND
Bafﬁn-Inuit 22 0 ND
(ND, ND)
ND–ND ND
(ND–ND)
ND–ND
Inuvik-Inuit 18 27.8 0.012
(ND, 0.025)
ND–0.23 1.5⁎
(ND–3.0⁎)
ND–27
Inuvik-Dene/Metis 6 16.7 ND
(ND, 0.035)
ND–0.26 ND
(ND–4.1⁎)
ND–31
Inuvik-non-Aboriginal 4 25.0 0.011
(ND, 0.050)
ND–0.10 1.2⁎
(ND–NR1)
ND–NR1
Oxychlordane Canadian-foreign-born 20 100 0.022
(0.016, 0.030)
0.010–0.10 2.9
(2.2–3.8)
1.1–12
Canadian-born 102 100 0.017
(0.015, 0.018)
0.010–0.080 2.1
(1.9–2.3)
0.83–10
Bafﬁn-Inuit 22 100 0.21
(0.16, 0.28)
0.044–0.70 26
(19–35)
6.0–93
Inuvik-Inuit 18 100 0.074
(0.048, 0.11)
0.016–0.50 8.7
(5.7–13)
1.9–59
Inuvik-Dene/Metis 6 83.3 0.013
(0.0058, 0.027)
ND–0.043 1.5
(0.68–3.2)
ND–5.0
Inuvik-non-Aboriginal 4 100 0.013
(0.0062, 0.027)
0.005–0.029 1.5
(NR1–NR1)
NR1–NR1
Trans-nonachlor Canadian-foreign-born 20 100 0.033
(0.023, 0.046)
0.011–0.23 4.3
(3.1–5.9)
1.7–27
Canadian-born 103 89.3 0.019
(0.017, 0.022)
ND–0.17 2.4
(2.2–2.7)
ND–24
Bafﬁn-Inuit 22 100 0.30
(0.24, 0.38)
0.070–0.74 36
(28–47)
9.5–93
Inuvik-Inuit 18 100 0.18
(0.076, 0.18)
0.022–1.0 14
(8.9–21)
2.6–120
Inuvik-Dene/Metis 6 83.3 0.015
(ND, 0.029)
ND–0.048 1.8
(ND–3.4)
ND–5.6
(continued on next page)
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Table 2 (continued)
Chemical Group N % N LOD Wet weight concentration (μg/L) Lipid weight concentration
(μg/kg lipids)
GM
(95% CI)
Range GM
(95% CI)
Range
Inuvik-non-Aboriginal 4 75.0 0.013
(ND, 0.029)
ND–0.036 1.5
(ND–NR1)
ND–NR1
PBDE-47 Canadian-foreign-born 20 85.0 0.11
(0.067, 0.19)
ND–0.65 15
(8.6–26)
ND–140
Canadian-born 103 81.6 0.073
(0.059, 0.090)
ND–2.2 9.2
(7.5–11)
ND–230
Bafﬁn-Inuit 22 54.6 0.038
(ND, 0.056)
ND–0.25 4.5⁎
(ND–6.7⁎)
ND–28
Inuvik-Inuit 18 72.2 0.057
(0.031, 0.10)
ND–0.98 6.7
(3.6–12)
ND–120
Inuvik-Dene/Metis 6 83.3 0.060
(ND, 0.13)
ND–0.18 7.1
(ND–15)
ND–21
Inuvik-non-Aboriginal 4 100 0.13
(0.031, 0.54)
0.031–0.87 15
(NR1–NR1)
NR1–NR1
PBDE-99 Canadian-foreign-born 20 60.0 0.026
(ND, 0.039)
ND–0.14 3.3⁎
(ND–5.2⁎)
ND–24
Canadian-born 103 28.2 ND
(ND, ND)
ND–0.79 ND
(ND–ND)
ND–83
Bafﬁn-Inuit 22 18.2 ND
(ND, ND)
ND–0.047 ND
(ND–ND)
ND–5.5
Inuvik-Inuit 18 22.2 ND
(ND, 0.031)
ND–0.55 ND
(ND–3.6⁎)
ND–65
Inuvik-Dene/Metis 6 33.3 ND
(ND, 0.026)
ND–0.036 ND
(ND–3.0⁎)
ND–4.2
Inuvik-non-Aboriginal 4 50.0 0.025
(ND, 0.080)
ND–0.12 2.9⁎
(ND–NR1)
ND–NR1
PBDE-100 Canadian-foreign-born 20 55.0 0.025
(ND, 0.039)
ND–0.18 3.3⁎
(ND–5.2⁎)
ND–22
Canadian-born 103 35.0 0.026
(ND, 0.080)
ND–0.36 ND
(ND–ND)
ND–47
Bafﬁn-Inuit 22 18.2 ND
(ND, 0.021)
ND–0.042 ND
(ND–ND)
ND–4.7
Inuvik-Inuit 18 22.2 ND
(ND, 0.024)
ND–0.18 ND
(ND–2.8⁎)
ND–21
Inuvik-Dene/Metis 6 33.3 ND
(ND, ND)
ND–0.027 ND
(ND–ND)
ND–3.2
Inuvik-non-Aboriginal 4 50.0 0.025
(ND, 0.073)
ND–0.099 2.9⁎
(ND–NR1)
ND–NR1
PBDE-153 Canadian-foreign-born 20 80.0 0.027
(0.015, 0.046)
ND–0.34 3.4
(1.9–6.1)
ND–42
Canadian-born 103 87.4 0.030
(0.024, 0.038)
ND–0.89 3.7
(3.0–4.7)
ND–120
Bafﬁn-Inuit 22 68.2 0.014
(ND, 0.020)
ND–0.046 1.7⁎
(ND–2.4⁎)
ND–5.7
Inuvik-Inuit 18 83.3 0.018
(0.012, 0.027)
ND–0.14 2.1
(1.4–3.1)
ND–16
Inuvik-Dene/Metis 6 83.3 0.015
(ND, 0.025)
ND–0.029 1.7
(ND–2.9)
ND–3.4
Inuvik-non-Aboriginal 4 50.0 0.013
(ND, 0.042)
ND–0.045 1.6⁎
(ND–NR1)
ND–NR1
PCB-118 Canadian-foreign-born 20 95.0 0.019
(0.015, 0.024)
ND–0.056 2.5
(2.0–3.1)
ND–7.3
Canadian-born 103 89.3 0.017
(0.015, 0.019)
ND–0.11 2.2
(1.9–2.4)
ND–13
Bafﬁn-Inuit 22 100 0.051
(0.041, 0.063)
0.016–0.14 6.1
(4.8–7.7)
2.2–16
Inuvik-Inuit 18 100 0.032
(0.023, 0.043)
0.013–0.18 3.7
(2.7–5.1)
1.5–21
Inuvik-Dene/Metis 6 83.3 0.013
(ND, 0.020)
ND–0.024 1.6
(ND–2.4)
ND–2.8
Inuvik-non-Aboriginal 4 50.0 0.011
(ND, 0.027)
ND–0.033 1.3⁎
(ND–NR1)
ND–NR1
PCB-138 Canadian-foreign-born 20 100 0.046
(0.036, 0.060)
0.020–0.22 6.0
(4.7–7.7)
2.2–22
Canadian-born 102 100 0.029
(0.026, 0.033)
ND–0.16 3.7
(3.3–4.1)
ND–21
Bafﬁn-Inuit 22 100 0.12
(0.096, 0.16)
0.032–0.32 15
(11–20)
4.4–38
Inuvik-Inuit 18 100 0.072
(0.052, 0.10)
0.027–0.45 8.4
(6.1–12)
3.2–53
Inuvik-Dene/Metis 6 83.3 0.024
(ND, 0.058)
ND–0.11 2.8
(ND–6.8)
ND–13
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Table 2 (continued)
Chemical Group N % N LOD Wet weight concentration (μg/L) Lipid weight concentration
(μg/kg lipids)
GM
(95% CI)
Range GM
(95% CI)
Range
Inuvik-non-Aboriginal 4 100 0.029
(0.015, 0.056)
0.012 –0.058 3.4
(NR1–NR1)
NR1–NR1
PCB-153 Canadian-foreign-born 20 100 0.085
(0.066, 0.11)
0.040–0.49 11
(8.6–14)
4.4–49
Canadian-born 103 100 0.045
(0.040, 0.051)
ND–0.17 5.7
(5.1–6.3)
ND–20
Bafﬁn-Inuit 22 100 0.34
(0.26, 0.46)
0.089–1.4 41
(31–56)
12–190
Inuvik-Inuit 18 100 0.14
(0.097, 0.20)
0.046–0.70 17
(11–24)
5.4–82
Inuvik-Dene/Metis 6 83.3 0.041
(0.013, 0.13)
ND–0.23 4.8
(1.5–15)
ND–27
Inuvik-non-Aboriginal 4 100 0.040
(0.022, 0.075)
0.017–0.077 4.7
(NR1–NR1)
NR1–NR1
PCB-170 Canadian-foreign-born 20 90.0 0.021
(0.015, 0.029)
ND–0.13 2.7
(2.0–3.8)
ND–13
Canadian-born 103 52.4 ND
(ND, 0.011)
ND–0.15 ND
(ND–1.4⁎)
ND–17
Bafﬁn-Inuit 22 100 0.051
(0.036, 0.072)
0.011–0.34 6.1
(4.3–8.7)
1.3–45
Inuvik-Inuit 18 77.8 0.017
(0.011, 0.026)
ND–0.078 2.0
(1.3–3.1)
ND–9.2
Inuvik-Dene/Metis 6 50.0 0.012
(ND, 0.028)
ND–0.05 1.4⁎
(ND–3.3⁎)
ND–5.9
Inuvik-non-Aboriginal 4 50.0 ND
(ND, 0.013)
ND–0.014 ND
(ND–NR1)
ND–NR1
PCB-180 Canadian-foreign-born 20 100 0.061
(0.046, 0.080)
0.015–0.32 7.9
(5.9–11)
1.7–32
Canadian-born 103 89.3 0.027
(0.023, 0.033)
ND–0.71 3.4
(2.9–4.1)
ND–86
Bafﬁn-Inuit 22 100 0.14
(0.099, 0.19)
0.028–0.82 17
(12–23)
3.3–110
Inuvik-Inuit 18 100 0.050
(0.034, 0.073)
0.015–0.21 5.9
(4.0–8.6)
1.8–25
Inuvik-Dene/Metis 6 66.7 0.025
(ND, 0.076)
ND–0.12 2.9⁎
(ND–8.9⁎)
ND–14
Inuvik-non-Aboriginal 4 75.0 0.019
(ND, 0.047)
ND–0.036 2.3
(ND–NR1)
ND–NR1
Cadmium Canadian-foreign-born 16 100 0.59
(0.42, 0.83)
0.25–2.0 NA NA
Canadian-born 77 100 0.46
(0.38, 0.55)
0.16–5.0 NA NA
Bafﬁn-Inuit 22 100 1.8
(1.3, 2.7)
0.30–5.7 NA NA
Inuvik-Inuit 18 100 0.95
(0.55, 1.7)
0.045–4.3 NA NA
Inuvik-Dene/Metis 6 100 1.9
(0.84, 4.4)
0.28–4.4 NA NA
Inuvik-non-Aboriginal 4 100 0.80
(NR1, NR1)
NR1–NR1 NA NA
Lead Canadian-foreign-born 16 100 7.8
(5.7, 11)
3.5–33 NA NA
Canadian-born 77 100 5.7
(5.3, 6.1)
2.7–12 NA NA
Bafﬁn-Inuit 22 100 12
(8.9, 16)
4.1–71 NA NA
Inuvik-Inuit 18 100 12
(9.5, 15)
5.0–35 NA NA
Inuvik-Dene/Metis 6 100 12
(6.8, 21)
4.8–35 NA NA
Inuvik-non-Aboriginal 4 100 5.9
(NR1, NR1)
NR1–NR1 NA NA
Selenium Canadian-foreign-born 16 100 200
(180, 220)
130–280 NA NA
Canadian-born 77 100 190
(190, 200)
150–250 NA NA
Bafﬁn-Inuit 22 100 230
(200, 260)
160–630 NA NA
Inuvik-Inuit 18 100 190
(180, 200)
150–210 NA NA
Inuvik-Dene/Metis 6 100 180
(160, 190)
140–200 NA NA
(continued on next page)
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Table 2 (continued)
Chemical Group N % N LOD Wet weight concentration (μg/L) Lipid weight concentration
(μg/kg lipids)
GM
(95% CI)
Range GM
(95% CI)
Range
Inuvik-non-Aboriginal 4 100 170
(NR1, NR1)
NR1–NR1 NA NA
Total mercury Canadian-foreign-born 16 93.8 0.88
(0.55, 1.4)
ND–4.2 NA NA
Canadian-born 77 92.2 0.40
(0.32, 0.50)
ND–2.8 NA NA
Bafﬁn-Inuit 22 100 3.3
(2.3, 4.8)
1.1–28 NA NA
Inuvik–Inuit 18 100 1.1
(0.72, 1.7)
0.17–4.8 NA NA
Inuvik-Dene/Metis 6 100 0.61
(0.36, 1.0)
0.24–1.1 NA NA
Inuvik-non-Aboriginal 4 100 0.21
(NR1, NR1)
NR1–NR1 NA NA
⁎ Due to high percentage of non-detects, these results should be interpreted with caution.
1 Not reported: Data is suppressed to protect participant identities.
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(self-identiﬁed) and country of birth. Descriptive statistics such as
percent of observations above the LOD, GMs, and percentiles were
calculated using Statistics Canada guidelines to protect conﬁdentiality
and ensure only quality estimates were released (Statistics Canada,
2011). If any estimate was based on fewer than 10 observations, or if
the coefﬁcient of variation (CV) was larger than 33.3%, the estimate
was not released. In addition, if there were 10 observations or more
and the CV was between 16.6% and 33.3%, then the estimate was
released; however, it was deemed to be ofmarginal quality.With appro-
priate sample size and a CV of less than 16.6%, the estimatewas found to
be of acceptable quality andwas subsequently released without restric-
tions. These estimates are representative of the Canadian population of
women aged 15–41 years for metals and 20–41 years for POPs. The
broader age range for metals encompasses all ﬁrst birth mothers from
the NCP and CEC studies; however, the CHMS only measured POPs in
plasma for participants 20 years of age and higher. Due to the sampling
design of the CHMS Cycle 1 study, direct calculation of standard errors,
CIs, and CVs was not possible. The software programs BOOTVAR and
SUDAAN 10.0.1 (Research Triangle Institute) were used along with
bootstrap weights provided by Statistics Canada (Statistics Canada,
2011) in order to correctly calculate these estimates. CHMS data for
WCBA are not compared toNCP or CECmothers during further statistical
hypothesis testing due to their substantial differences in study design.
3. Results
The age and ethnicity of participating women from the CEC and NCP
studies are shown in Table 1. The original CEC sample consisted of 123
mothers for which valid observations were available. Of these, 20
mothers were born outside of Canada. For the NCP studies, 22 and 28
observations were available for ﬁrst birth mothers from the Bafﬁn and
Inuvik regions, respectively. In the CEC study, Canadian-born mothers
tended to have their ﬁrst child at a younger age than mothers born
outside of Canada, while ﬁrst birth mothers from the NCP studies
were generally younger than the mothers sampled in southern
Canada. Of the Northern mothers sampled, Dene/Metis from Inuvik
were the youngest.
The measured concentrations of 15 POPs and 4 metals common to
the CEC and NCP studies are summarized in Table 2. The only POP
detected in all participants was p,p′-DDE, along with cadmium, lead,
and selenium. Southern Canadian mothers born outside of Canada had
the highest GM and individual concentrations for p,p′-DDE and
β-HCH. Otherwise, Inuit mothers from Bafﬁn had the highest GMs for
all other legacy POPs (except γ-HCH) listed in Table 2 in addition tolead, selenium, and total mercury. Inuit mothers from Inuvik had the
highest GM concentration for γ-HCH, as well as the next to highest
levels for oxychlordane, trans-nonachlor, PCB-118, PCB-138, PCB-153,
and total mercury. While Dene/Metis and non-Aboriginal participants
from Inuvik generally showed low values for legacy POPs, these groups
had the highest GM values for cadmium and PBDE-47, respectively.
Canadian-born mothers from southern Canada had the highest GM
value for PBDE-153.
During the ANCOVA analysis, the southern CEC groups were found
not to be signiﬁcantly different and were combined in Table 3 for
oxychlordane, trans-nonachlor, PBDE-153, PCB-118, PCB-138, lead,
selenium, and total mercury, while the northern Inuit groups showed
differences and were analyzed separately for all chemicals except
β-HCH, PBDE-153, cadmium, and selenium. Thereafter, signiﬁcant
differences across the resulting northern and southern ethnic groups
were observed for all chemicals in Table 3, except selenium (noted by
p-values from the overall F test for equal group). After adjusting for
age, Scheffé multiple comparisons noted that for p,p′-DDE, Canadian-
foreign-born mothers were not signiﬁcantly different from Inuit
mothers from Inuvik, and Canadian-born and Canadian-foreign-born
southern mothers have similar blood concentrations for PCB-180.
Further, there was no signiﬁcant difference between age-adjusted lead
concentrations in northern Inuit mothers from the Bafﬁn and Inuvik
regions. For cadmium, Canadian-foreign-born mothers were not differ-
ent from Canadian-born southern mothers or from northern mothers,
although the latter two groups were signiﬁcantly different from one
another. Otherwise, northern participants had signiﬁcantly higher
age-adjusted levels for PCB-118, PCB-180, and lead than southern
mothers, and Inuit mothers from Bafﬁn had the highest levels for
these two PCBs and for p,p′-DDE as well. Conversely, northern mothers
had signiﬁcantly lower concentrations of PBDE-153 compared to
southern mothers. Age was found to be signiﬁcantly associated with
all chemicals in Table 3 except for PBDE-153 and cadmium.
The interaction term between ethnic group and age was found to be
signiﬁcant for β-HCH, oxychlordane, trans-nonachlor, PCB-138, PCB-
153, and total mercury. Since in these situations the relationship
between contaminant levels and ethnicity depends on the value of
age, Table 4 shows the predicted geometric mean concentrations and
95% conﬁdence intervals for these contaminants for mothers at age
25 years. This age is within the range for each of the four southern
and northern ethnic groups that were examined during the analysis.
Under this condition, Inuit mothers from the Bafﬁn region have the
highest adjusted geometricmean concentrations for the legacy contam-
inants oxychlordane, trans-nonachlor, PCB-138, PCB-153, and total
mercury, with Inuvik-Inuit mothers having the next highest predicted
Table 3
ANCOVA results by ethnicity for several POPs and metals (µg/L) in plasma samples for ﬁrst birth mothers from southern Canada (CEC study), and the Inuvik Region of the NWT and the
Bafﬁn Region of Nunavut (NCP study).
Chemical Overall F test for equal group
(p-value)
Ethnic group effects Overall F test for age effect
(p-value)
Group Similar groups Adjusted GM
(95% CI)
p,p′-DDE 51.40
(b0.0001)+
Canadian-foreign-born A 0.88
(0.67, 1.2)
52.08
(b0.0001)+
Canadian-born B 0.39
(0.35, 0.43)
Bafﬁn-Inuit C 1.7
(1.3, 2.2)
Inuvik-Inuit A 0.92
(0.69, 1.2)
β-HCH 4.72
(0.0312)+,⁎
Canadian-foreign-born (1)
Canadian-born
Canadian— north
Oxychlordane 4.68
(0.0106)+,⁎
Canadian— south (1)
Bafﬁn-Inuit
Inuvik-Inuit
Trans-nonachlor 8.76
(0.0002)+,⁎
Canadian— south (1)
Bafﬁn-Inuit
Inuvik-Inuit
PBDE-153 7.07
(0.0087)+
Canadian— south A 0.031
(0.025, 0.038)
0.38
(0.5373)+
Canadian— north B 0.014
(0.0091, 0.022)
PCB-118 49.84
(b0.0001)
Canadian— south A 0.016
(0.014, 0.018)
25.44
(b0.0001)
Bafﬁn-Inuit B 0.072
(0.055, 0.094)
Inuvik-Inuit C 0.042
(0.031, 0.055)
PCB-138 5.02
(0.0077)+,⁎
Canadian— south (1)
Bafﬁn-Inuit
Inuvik-Inuit
PCB-153 4.87
(0.0029)+,⁎
Canadian-foreign-born (1)
Canadian-born
Bafﬁn-Inuit
Inuvik-Inuit
PCB-180 58.82
(b0.0001)+
Canadian-foreign-born A 0.030
(0.022, 0.043)
73.32
(b0.0001)+
Canadian-born A 0.024
(0.020, 0.027)
Bafﬁn-Inuit B 0.32
(0.23, 0.45)
Inuvik-Inuit C 0.10
(0.070, 0.14)
Cadmium 10.61
(b0.0001)+
Canadian-foreign-born AB 0.65
(0.39, 1.1)
1.00
(0.3183)+
Canadian-born A 0.47
(0.38, 0.58)
Canadian— north B 1.3
(0.89, 1.8)
Lead 32.51
(b0.0001)+
Canadian— south A 5.6
(5.0, 6.2)
13.82
(0.0003)+
Bafﬁn-Inuit B 15
(12, 19)
Inuvik-Inuit B 14
(11, 18)
Selenium 2.50
(0.1162)+
Canadian— south 190
(180, 200)
6.33
(0.0131)+
Canadian— north 210
(200, 230)
Total mercury 5.86
(0.0037)⁎
Canadian— south (1)
Bafﬁn-Inuit
Inuvik-Inuit
(1) Since the interaction term is signiﬁcant, adjusted geometric means are expected to change based on mother's age.
⁎ Where the assumption of equal slopes between groupswas not satisﬁed, the datawas re-parameterized and the interaction termbetween the factor and the covariatewas included in
the model, where each group was allowed its own slope parameter. F statistics and p-values of the interaction term are reported in the table under Overall F test for equal group.
+ Results are based on the ranks of the data (non-parametric analysis) since the assumptions of normality and equal variances were not satisﬁed. The associated conﬁdence intervals
were calculated on the parametric analysis, since it is meaningless to compute conﬁdence intervals on ranks.
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highest predicted concentration for β-HCH. The predicted concentra-
tion of PCB-153 and β-HCH is higher for Canadian-foreign-born
mothers compared with southern Canadian-born mothers. Graphicaldepictions of the predicted geometric means by age are provided in
Figs. 1 and 2 for β-HCH and PCB-153, respectively. In order to minimize
potential errors in extrapolation, Inuit mothers from Bafﬁn were only
estimated to age 28 and, similarly, Canadian-foreign-born mothers
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Fig. 2. Predicted geometric mean concentrations for PCB-153 as a function ofmother's age
for ﬁrst birth mothers from southern Canada (CEC study), the Inuvik Region of the NWT,
and the Bafﬁn Region of Nunavut. The vertical line represents the average age for all
mothers in the analysis.
Table 4
Predicted geometricmeans and 95% conﬁdence intervals by ethnicity for several POPs and
total mercury (μg/L) in plasma samples for ﬁrst birth mothers at 25 years of age.
Chemical Group Adjusted GM (95% CI)
β-HCH Canadian-foreign-born 0.028
(0.013, 0.064)
Canadian-born 0.012
(0.0099, 0.015)
Canadian — north 0.032
(0.021, 0.047)
Oxychlordane Canadian — south 0.014
(0.012, 0.016)
Bafﬁn-Inuit 0.25
(0.15, 0.43)
Inuvik-Inuit 0.066
(0.046, 0.095)
Trans-nonachlor Canadian — south 0.015
(0.013, 0.017)
Bafﬁn-Inuit 0.31
(0.18, 0.54)
Inuvik-Inuit 0.10
(0.068, 0.15)
PCB-138 Canadian — south 0.024
(0.021, 0.027)
Bafﬁn-Inuit 0.12
(0.074, 0.19)
Inuvik-Inuit 0.072
(0.052, 0.10)
PCB-153 Canadian-foreign-born 0.045
(0.026, 0.079)
Canadian-born 0.034
(0.030, 0.038)
Bafﬁn-Inuit 0.44
(0.28, 0.71)
Inuvik-Inuit 0.14
(0.10, 0.20)
Total mercury Canadian — south 0.31
(0.24, 0.40)
Bafﬁn-Inuit 2.4
(1.1, 5.3)
Inuvik-Inuit 0.88
(0.49, 1.6)
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concentrations will increase with mother's age, and that body burdens
for foreign-born mothers from southern Canada increase at a faster
rate for β-HCH, while Inuit mothers from Bafﬁn increase at a faster
rate for PCB-153.
As a descriptive measure, Pearson correlations between PCB-153,
PBDE-47, and PBDE-153 are summarized for northern and southern
mothers as separate groups in Table 5. In both cases, Pearson correlations
signiﬁcantly different from zero were measured between PBDE-153 and
PBDE-47, while no signiﬁcant correlation was observed between
PBDE-153 and PCB-153. Only NCPmothers showed a signiﬁcant correla-
tion between PBDE-47 and PCB-153 (−0.3936; p = 0.0047).0
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Fig. 1. Predicted geometric mean concentrations for β-HCH as a function of mother's age
for ﬁrst birth mothers from southern Canada (CEC study), the Inuvik Region of the NWT,
and the Bafﬁn Region of Nunavut. The vertical line represents the average age for all
mothers in the analysis.Tables 6 and 7 show data from Cycle 1 of the CHMS and reveal that,
for a high percentage of WCBA in the general Canadian population,
several POP levels were below the detection limit, while there is a
high rate of detection for the four metals examined here. Similar obser-
vations to the NCP/CEC maternal comparison are made, where Aborigi-
nalWCBAhad higher GMconcentrations than non-AboriginalWCBA for
themajority ofmeasured legacy POPs andmetals, although these differ-
ences are frequently marginal. Interestingly, total mercury, which is
largely indicative of recent methyl mercury exposure that is more
quickly eliminated from the body with a half-life of 40–60 days (Stern,
2005; Yaginuma-Sakurai et al., 2012), was lowest in the Aboriginal
group of WCBA from the CHMS. Again, foreign-born WCBA showed
higher GM concentrations than Canadian-born WCBA for most
chemicals. Notably, the lipid weight value for p,p′-DDE in foreign-born
WCBA (500 μg/kg lipids) was more than seven times greater than the
value for Canadian-born WCBA (67 μg/kg lipids) and approximately
four times the CEC value of 160 μg/kg lipids for Canadian-foreign-born
mothers. Similarly, the 90th and 95th percentile lipid weight data
suggest exposures to β-HCH for foreign-born WCBA from the CHMS is
about ten-fold higher than for Canadian-born WCBA. Conversely, the
geometric mean for PBDE-47 is less than the limit of detection for
foreign-born WCBA in the general population, whereas Canadian-born
WCBA had a geometric mean of 12 μg/kg lipids. This value is higher
than that for Canadian-bornmothers in the CEC study (9.2 μg/kg lipids)
but lower than for Canadian-foreign-born mothers (15 μg/kg lipids).
Overall, unlike the NCP/CEC maternal comparison, foreign-born WCBA
from the CHMS tended to demonstrate higher blood concentrations
for legacy POPs, lead, and total mercury than both Aboriginal and non-
Aboriginal Canadian-born WCBA, although cadmium values were
lower than for the Aboriginal group.Table 5
Pearson correlation coefﬁcients (p-value) for PCB-153, PBDE-47, PBDE-153 among ﬁrst
birth mothers from southern Canada (CEC study), and the Inuvik Region of the NWT
and the Bafﬁn Region of Nunavut (NCP study).
Chemicals PCB-153 PBDE-47
Southern (CEC) mothers
PBDE-47 0.0681
(0.4544)
PBDE-153 0.0656
(0.4708)
0.4310
(b0.0001)
Northern (NCP) mothers
PBDE-47 −0.3936
(0.0047)
PBDE-153 0.0597
(0.6804)
0.5732
(b0.0001)
Table 6
Descriptive statistics for selected POPs and metals (μg/L) from Cycle 1 of the Canadian Health Measures Survey (2007–2009) for women of childbearing age (ages 20–41 for POPs and
15–41 for metals).
Chemical Group N % Detected 10th percentile 90th percentile 95th percentile GM 95% CI for GM
p,p′-DDE Aboriginal 12 100.0 0.35 0.82 0.84 0.56 0.41–0.78
Non-Aboriginal 316 F 0.20 2.6E F 0.57 0.43–0.74
Canadian born 260 F 0.18 0.70 0.85 0.38 0.33–0.42
Foreign born 68 100.0 0.91E F F 2.5E 1.5–4.0E
p,p′-DDT Aboriginal 12 0.0 bLOD bLOD bLOD bLOD bLOD–bLOD
Non-Aboriginal 316 10.4 bLOD F F bLOD bLOD–bLOD
Canadian born 260 0.7 bLOD bLOD bLOD bLOD bLOD–bLOD
Foreign born 68 42.8E bLOD F F 0.056E 0.034–0.094E
β-HCH Aboriginal 12 F 0.015 0.033E 0.039 0.020 0.016–0.025
Non-Aboriginal 316 86.8E bLODE F F 0.026E 0.017–0.040E
Canadian born 260 84.0E bLOD 0.031 0.040E 0.015 0.013–0.016
Foreign born 68 F 0.028E 2.6E 2.6E F F
Oxychlordane Aboriginal 12 F 0.015E 0.039E 0.043E 0.021E 0.013E–0.034E
Non-Aboriginal 316 F 0.0053E 0.028 0.033E 0.013 0.011–0.015
Canadian born 260 F 0.0051E 0.027 0.030 0.012 0.010–0.014
Foreign born 68 F F F 0.059E 0.016 0.012–0.023
Trans-nonachlor Aboriginal 12 100.0 0.015E 0.046E 0.054E 0.027E 0.017–0.042E
Non-Aboriginal 316 79.0E bLOD 0.038 0.052E 0.017 0.014–0.020
Canadian born 260 77.6E bLOD 0.032 0.040 0.015 0.013–0.018
Foreign born 68 F F 0.083E 0.11E 0.024E 0.014–0.039E
PBDE-47 Aboriginal 12 F F 0.087E F 0.040E bLOD–0.066E
Non-Aboriginal 316 74.5E bLOD 0.28 0.35E 0.059 0.049–0.071
Canadian born 260 84.7E bLOD 0.28 0.35E 0.070 0.061–0.079
Foreign born 68 39.1 bLOD F F bLODE bLOD–bLODE
PBDE-153 Aboriginal 12 F F bLOD F bLODE bLOD–bLODE
Non-Aboriginal 316 31.2 bLOD F 0.26E bLOD bLOD–bLOD
Canadian born 260 36.5 bLOD F 0.27 bLOD bLOD–bLOD
Foreign born 68 16.2 bLOD F F bLOD bLOD–bLOD
PCB-118 Aboriginal 12 F F 0.048E 0.048E 0.022E 0.013–0.039E
Non-Aboriginal 316 82.2E bLOD 0.041 0.046E 0.016 0.013–0.021
Canadian born 260 78.3E bLOD 0.039 0.046 0.015 0.012–0.019
Foreign born 68 F 0.013 0.044E 0.070E 0.024 0.019–0.029
PCB-138 Aboriginal 12 100.0 0.023E F 0.098E 0.036 0.025–0.051
Non-Aboriginal 316 F 0.013 0.067E 0.096 0.030 0.024–0.037
Canadian born 260 F 0.012 0.058 0.095 0.028 0.023–0.033
Foreign born 68 F 0.021 F F 0.041 0.032–0.053
PCB-153 Aboriginal 12 100.0 0.042E 0.092E 0.13E 0.063 0.045–0.089
Non-Aboriginal 316 F F 0.12E 0.20E 0.045 0.034–0.061
Canadian born 260 87.8E F 0.10 0.16E 0.040 0.031–0.052
Foreign born 68 F 0.036E F F 0.072 0.052–0.10
PCB-180 Aboriginal 12 100.0 0.029E 0.061E 0.095E 0.043 0.030–0.060
Non-Aboriginal 316 93.2E 0.012 0.087E F 0.032 0.026–0.040
Canadian born 260 91.7E 0.011E 0.085 0.12E 0.030 0.025–0.035
Foreign born 68 F 0.020 F F 0.044E 0.029–0.069E
Cadmium Aboriginal 31 F F 5.0E F 0.99E 0.34–1.6E
Non-Aboriginal 973 F 0.11 2.1 3.2 0.32 0.30–0.34
Canadian born 815 F 0.10 2.5 3.5 0.32 0.28–0.36
Foreign born 191 F 0.16 F 2.6E 0.40 0.29–0.51
Lead Aboriginal 31 100 6.7 16 19E 9.8 8.7–11
Non-Aboriginal 973 F 4.9 16 20 8.6 7.9–9.3
Canadian born 815 F 4.8 14 18 8.1 7.6–8.4
Foreign born 191 100 6.3 20 33E 11 9.4–13
Selenium Aboriginal 31 100 180 280 300 210 200–220
Non-Aboriginal 973 100 170 240 250 200 190–200
Canadian born 815 100 170 240 250 200 190–200
Foreign born 191 100 160 240 260 200 190–210
Total mercury Aboriginal 31 90.8 F F 5.5E 0.43E 0.12–0.74E
Non-Aboriginal 973 F 0.13E 2.5 3.9E 0.63 0.45–0.81
Canadian born 815 90.6 F 2.2 3.2 0.54 0.43–0.65
Foreign born 191 F F F 7.7E 1.1E 0.61–1.6E
E Warning that high sampling variability is associated with these estimates. Results should be interpreted with caution.
F The user is advised that these estimates are of unacceptable quality, as determined by Statistics Canada's release guidelines, and are suppressed.
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Convenience samples collected from ﬁrst birth mothers during the
CEC and NCP studies are similar in their timing, size, and sampling
methods and have been directly compared using statistical hypothesis
testing to reveal that ﬁrst time mothers in southern and northern
Canada have a similar suite of chemicals in their blood. However,differences in concentrations are apparent when examining legacy
compounds, whose production has ceased or been restricted for several
decades, along with ﬂame retardant compounds that have emerged
following more recent use in manufactured products. Legacy POPs
examined in this study that are regulated by the Stockholm Convention
include β-HCH (a byproduct in the production of lindane), several PCBs,
p,p′-DDE (a metabolite of DDT), and two metabolites of chlordane
Table 7
Descriptive statistics for selected POPs (μg/kg lipids) from Cycle 1 of the Canadian Health Measures Survey (2007–2009) for women of childbearing age (ages 20–41).
Chemical Group N % Detected 10th Percentile 90th Percentile 95th Percentile GM 95% CI for GM
p,p′-DDE Aboriginal 12 100 49E 140 140 79E 42–120E
Non-Aboriginal 304 F 36 F F 110 74–140
Canadian born 253 F 33 130 140 67 60–74
Foreign born 64 100 180E 2600E 3100E 500E 210–780E
p,p′-DDT Aboriginal 12 0 bLOD bLOD bLOD bLOD bLOD–bLOD
Non-Aboriginal 304 10.4 bLOD F F bLOD bLOD–bLOD
Canadian born 253 0.7 bLOD bLOD bLOD bLOD bLOD–bLOD
Foreign born 64 42.8E bLOD F F 11E 6.3–16E
β-HCH Aboriginal 12 F 1.7E 4.6 4.6 2.8 2.4–3.2
Non-Aboriginal 304 87.0E bLODE F F 4.9E 2.8–7.0E
Canadian born 253 84.0E bLOD 5.3 6.8E 2.6 2.4–2.8
Foreign born 64 F 5.3E 620E 620E F F
Oxychlordane Aboriginal 12 F 1.7E 6.1E 6.1E 3.0E 1.4–4.6E
Non-Aboriginal 304 F 0.99E 5.6 7.5 2.3 1.9–2.7
Canadian born 253 F 0.99E 4.6 5.6 2.1 1.8–2.5
Foreign born 64 F F F F 3.3E 1.9–4.7E
Trans-nonachlor Aboriginal 12 100 2.4 7.2E 7.2E 3.8E 1.9–5.7E
Non-Aboriginal 304 79.1E bLOD 7.4E F 3.1 2.4–3.8
Canadian born 253 77.6E bLOD 5.7 7.2 2.7 2.3–3.1
Foreign born 64 F F 22E 24E 4.8E 1.9–7.7E
PBDE-47 Aboriginal 12 F F F F 5.6E 3.5–7.8E
Non-Aboriginal 304 74.5E bLOD 51 73E 11 9.0–13
Canadian born 253 84.7E bLOD 52 73E 12 11–14
Foreign born 64 39.1 bLOD F F bLODE bLOD–bLODE
PBDE-153 Aboriginal 12 F bLODE F F bLODE bLOD–bLODE
Non-Aboriginal 303 31.3 bLOD F 46E bLOD bLOD–bLOD
Canadian born 252 36.5 bLOD F 56E bLOD bLOD–bLOD
Foreign born 64 16.1 bLOD F 13E bLOD bLOD–bLOD
PCB-118 Aboriginal 12 F F 7.5E 7.5E 3.1E 1.1–5.2E
Non-Aboriginal 304 82.3E bLOD 7.2 9.9 3.1 2.3–3.8
Canadian born 253 78.3E bLOD 6.8 8.4 2.7 2.2–3.2
Foreign born 64 F bLODE 10E 14 4.8 3.6–6.0
PCB-138 Aboriginal 12 100 2.7E 8.0E 10 5.0E 3.0–7.1E
Non-Aboriginal 304 F bLOD 12E 17 5.5 4.3–6.7
Canadian born 253 F bLOD 11 14E 4.9 4.2–5.7
Foreign born 64 F F F F 8.3 5.9–11
PCB-153 Aboriginal 12 100 5.0E 15 15 8.9E 5.3–13E
Non-Aboriginal 304 F F 24E 35E 8.4 5.7–11
Canadian born 253 87.8E F 17E 28E 7.2 5.4–8.9
Foreign born 64 F F F F 15E 9.3–20E
PCB-180 Aboriginal 12 100 3.4E 9.9 9.9 6.0E 3.6–8.4E
Non-Aboriginal 304 93.2E bLOD 14E F 6.0 4.7–7.3
Canadian born 253 91.7E bLODE 13 18E 5.3 4.5–6.2
Foreign born 64 F F F F 8.9E 5.3–13E
Cadmium Aboriginal 31 F F 5.0E F 0.99E 0.34–1.6E
Non-Aboriginal 973 F 0.11 2.1 3.2 0.32 0.30–0.34
Canadian born 815 F 0.10 2.5 3.5 0.32 0.28–0.36
Foreign born 191 F 0.16 F 2.6E 0.40 0.29–0.51
Lead Aboriginal 31 100 6.7 16 19E 9.8 8.7–11
Non-Aboriginal 973 F 4.9 16 20 8.6 7.9–9.3
Canadian born 815 F 4.8 14 18 8.1 7.6–8.4
Foreign born 191 100 6.3 20 33E 11 9.4–13
Selenium Aboriginal 31 100 180 280 300 210 200–220
Non-Aboriginal 973 100 170 240 250 200 190–200
Canadian born 815 100 170 240 250 200 190–200
Foreign born 191 100 160 240 260 200 190–200
Total mercury Aboriginal 31 90.8 F F 5.5E 0.43E 0.12–0.74E
Non-Aboriginal 973 F 0.13E 2.5 3.9E 0.63 0.45–0.81
Canadian born 815 90.6 F 2.2 3.2 0.54 0.43–0.65
Foreign born 191 F F F 7.7E 1.1E 0.61–1.6E
E Warning that high sampling variability is associated with these estimates. Results should be interpreted with caution.
F The user is advised that these estimates are of unacceptable quality, as determined by Statistics Canada's release guidelines, and are suppressed.
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concentrations for these legacy compounds are highest in the blood of
NCP Inuit ﬁrst birth mothers residing in the Canadian Arctic compared
with southern CEC groups. A similar observation is made for lead and
total mercury. In general, signiﬁcantly higher concentrations of POPs
(and total mercury) were observed for Inuit mothers from Bafﬁn com-
paredwith Inuit mothers from Inuvik, further highlighting the potential
impact of a marine mammal diet for Inuit populations in the eastern
Arctic. Conversely, exposures to legacy POPs (along with lead and total
mercury) are less prevalent for southern CEC mothers who are morelikely to consume a market-based diet. Higher blood concentrations of
some POPs in foreign-born mothers (namely p,p′-DDE and β-HCH)
are thought to originate from exposures outside of Canada or from
foods imported from Asia or Africa (Channa et al., 2012; Foster et al.,
2012; Muennig et al., 2011). Due to the small sample size of CEC
foreign-born participants (20), mother's country of origin has not
been assessed here to further elucidate exposure information for specif-
ic immigrant groups.
PBDE-47, the major component of Penta formulations, is the domi-
nant PBDE congener in this study, consistent with other biomonitoring
317M.S. Curren et al. / Science of the Total Environment 479–480 (2014) 306–318studies conducted in North America in the past decade (Health Canada,
2010; Dewailly et al., 2007; Eskenazi et al., 2011; Sandanger et al., 2007;
Siddique et al., 2012; Woodruff et al., 2011). While PBDE-153 was a
minor component, there is nearly ubiquitous exposure to this congener
in our analysis although exposures were signiﬁcantly lower in NCP
participants compared with CEC mothers. An observation of lower
PBDE blood levels in the North was made previously for Inuit women
(aged 18–74 years) from Nunavik in 2004–2005 who demonstrated
lower PBDE-47 blood concentrations (GM 6.0 μg/kg lipids; Donaldson
et al., 2010) than postmenopausal women in southern Québec aged
48–76 years in 2003–2004 (GM 8.10 μg/kg lipids; Sandanger et al.,
2007). Further, a previous cross-sectional study for Nunavik Inuit adults
(aged 18–89 years) in 2004 has observed that PBDE-47 concentrations
can decrease with age in northern regions (Dallaire et al., 2009). Unfor-
tunately, due to a high percentage of non-detects, we are not able to
reliably test for an age effect here. While inadvertent ingestion of
PBDEs in house dust is likely to be a principal source of exposure in
both northern and southern Canada, a better understanding of the
potential role of dietary sources would inform food consumption advi-
sories that target bioaccumulative chemicals. In the Québec study of
postmenopausal women (Sandanger et al., 2007), correlations between
PCB-153 and PBDE-153 levels were examined to elucidate whether
PBDE exposures may originate in part from food consumption, since
this is the main source of exposure to PCBs. Given the inherent differ-
ences between northern and southern Canadian populations in our
study, we also examined associations among PBDE-153, PBDE-47, and
PCB-153 for both population groups, separately. Unlike Sandanger
et al. (2007) and Dallaire et al. (2009), we did not ﬁnd a signiﬁcant lin-
ear association between PBDE-153 and PCB-153. However, like the
Nunavik Inuit adult study (Dallaire et al., 2009) we observed a weakly
negative linear association between PBDE-47 and PCB-153 for our NCP
mothers. Although we have not examined diet effects in this study
and, further, PCB-153 acts as an approximate proxy for lipid-rich dietary
items, this outcome for only our northernmothers suggests that further
study into Canadian dietary patterns is warranted. This will inform risk
mitigation strategies, such as in Dallaire et al. (2009) where it was ob-
served that consumption of store boughtmeatswas a signiﬁcant predic-
tor of PBDE-47 plasma concentrations for Inuit adults in Nunavik, while
consumption of marine mammals was negatively associated with
PBDE-47 plasma concentrations.
The CHMS Cycle 1 chemical data places these results for ﬁrst birth
mothers from the NCP and CEC studies into a national biomonitoring
context. Here we observe only marginal differences between POPs
concentrations for Aboriginal and non-Aboriginal WCBA. While the
CHMS represents 96.3% of the Canadian general population, some
groups were excluded during sampling, including residents of Crown
lands, reserves, institutions, and certain remote areas, along with full-
time members of the Canadian Forces. For these reasons, the CHMS is
not viewed as representative for Aboriginal populations currently resid-
ing in Arctic Canada. Due to the generally long transformation half-lives
(measured in years) of legacy POPs in humans, the CHMS body burdens
inWCBAmay be more reﬂective of cumulative lifetime exposures rath-
er than recent exposures. It is apparent that foreign-born Canadians
experience higher exposures to POPs and metals prior to entering
Canada or after establishing residency. This suggests that some subpop-
ulations warrant further examination. Cadmium is a notable exception
to our prior observations for Aboriginal versus non-Aboriginal popula-
tions in the CHMS, where the GM for AboriginalWCBA is approximately
three times higher than all other groups. Further, this value (0.99 μg/L)
is about half the GM concentration for cadmium in the blood of Inuit
mothers from Bafﬁn (1.8 μg/L) and for Dene/Metis mothers from Inuvik
(1.9 μg/L), where strong relationships between smoking and maternal
cadmium levels have been noted previously (Butler Walker et al.,
2006; Donaldson et al., 2010). We are not able to report the ethnicities
or diet and residential histories of participants in the CHMS to further
explore the reasoning for observed differences across CHMS groupsand between Canadian studies; however, the general observation of
higher concentrations for POPs, lead, and total mercury in foreign-
born WCBA from the CHMS suggests the smaller CEC study may have
underscored the potential risk of exposure amongst immigrant women.
In summary, the direct comparison of blood chemical concentrations
for ﬁrst birthmothers fromnorthern and southern Canada has provided
valuable insight on relative exposures to POPs for different cultures in
distinct geographic regions. Many of our exposure observations for
ﬁrst birth mothers are also seen in the descriptive statistics of a nation-
ally representative survey when all women of childbearing age are
considered, although the CHMS brings greater focus on the vulnerability
of immigrant women to chemicals exposure. It is recommended that
future biomonitoring of mothers in northern and southern Canada
include comprehensive statistical techniques that test for relationships
between population groups in the presence of factors such as diet,
smoking, parity, country of birth, and residential history in order to
further elucidate their sources of POPs and metals exposures. During
speciﬁc population studies this will likely require expanded datasets
that encompass larger sample sizes in order to build on the preliminary
information provided by the samples examined here and which are
representative of these Canadian residents on a regional or national
basis. In doing so we may further elicit spatial or cultural trends in
Canada to determine whether public health efforts are successful in
decreasing contaminant concentrations for the vulnerable groups
examined during this analysis, including Aboriginal peoples who tend
to consume traditional food items during their lifetimes, citizens and
residents born outside of Canada, and users of commercial goods that
may contain ﬂame retardant compounds.
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